Appendix 2. Applicant’s Data Collected and Data Editing, continued

The below is reprodu_ced from Volume 1.84 p. 71 of the NDA.

ST-10 Levels of dose group and AUC steady state in the PK/PD models that treated

them as factor variables.

Variable Level 1 Level 2 Level3 |Level4 [Level 5
2 10,15,20,30
210 15,20,30

GRP 2,10,15 20,30
2,10 15,20 30

‘ 2 10 1S 20 30
AUSS <9 >9apd<15 [ >15

APPEARS THIS WAY
ON ORIGINAL
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Appendix 3. Applicant’s Pharmacokinetics Model Selection Process

The below is reproduced from Volume 1.84 pp. 29-33 of the NDA. The results of this strategy are
presented in a series of Tables which are found on pp. 71-80 of Volume 1.84, these tables are
reproduced below (beginning on Page 6. of this appendix).

4 DESCRIPTION OF DATA ANALYSIS PROCEDURE

41 POPULATION PK ANALYSIS

The population PK analysis consisted of scveral major steps:

1. Bese PK model building;

2. Covariate model building with the First Order (FO) method;

3. Model reduction with the FO method;

4. Model reduction with the First Order Conditional method (FOCE) with interaction;
5. Model refinement;

6. Evaluation of the final model.

The NONMEM program version V level 1.1, with NM-TRAN version Il level 1.1, and
PREDPP version IV level 1.1 was used for this analysis [14]. The first-order and first

order conditional (with interaction) methods of NONMEM [15] were used to obtain -
estimates of the population and individual parameters. The ' ——  NONMEM .
interface [16] was used to un NONMEM. ¢ — {12,18] :

an’ ~,_ /~[19,20] were used for goodness-of-fit diagnostics end visualization of
results. SAS version 6.12 [9] was used for data management.

41,1 Base pharmacokinetic model

One- and two-compartment linear models parameterized in terms of clearances and
volumes of the compartments were fitted to the data and compered in the model building
process. FO method was used. Drop in ths objective function value as well as diagnostic
goodness-of-fit plots guided model selection. Plots of individual and population -
models were also vsed for model comparisons.

412  Statistical model
The exponeatial exror models were used to describe the inter-patient variability in all

pharmacokinetic parameters, e.g., for CL:
Cly= Cly exp(y s ' Bq.1)

where exp(ry c) denoted the difference (proportional) between the true individual
parameter (CL,) and the typical value (CLgy) predicted for an individual with covariates
equal to thoss of patient j. In the base model without covariates, CLy is the same for all
individuals, und it was denoted by CL,. Inter-patient variability was modeled the same
way for the other parameters. The individual random effects, )'s (e.8., 7y 1), &re random
varisbles with 8 mean of zero and variances of a® (¢.g., ©*c1). The models with the



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 30 of the NDA.

diagonal and correlated variance-covariance matrix () of inter-individual random effects

was used.

Random residual variability was modeled using a combined additive and constent CV

error model:

Yu“F'-l-FgB'g*'a*o. Eq.2)

Y, and F g were the i measured and mode] predicted plasma concentrations for the j*
patient, respectively, The parameters ¢'y and 5%y denoted the random residual exror for the
copstant coefficient of variation (CV) and additive portion of the erroz, respectively.

Means of all the residual error terms were assumed to be equal to zero; variances were
denoted as o*» and o , respectively. The random variables £ and €*; were assumed to

be independent.

A proportional error model only (without the additive part) was also tested,

4.1.3 Covariate model structure
The following demographic, clinical laboratory values, disease indicators and
concomitant medications were consgidered in the analysis:

Demographic: gmdcr(SEX),age‘(AGE),wdg!n(Wﬂ),m?(RACB),bodyanﬁcem
(BSA), body mass index (BMI), lean body weight (LBW), amoking
(SMOK), and alcohol consumption (ALCO);

Clinical Baseline values of estimated creatining clesrance (CRCL and CSAL), total

laboratory protein (PROT), creatine kinase (CPK), total bilirubin (BILI), alkaline

values: phosphatase (ALK), asparate aminotransferase (SGOT), and alanino
aminotransferase (SGPT);

Discase Baseline values of total PANSS score (BPD) and diagnosis (schizophrenia

indicators: versus schizoaffective disoder, DIAG);

Concomitant groups A, B,C, D, E, and G (GRA, GRB, GRC, GRD, GRE, GRG) (See

medications: | description of the groups in Section 3.1.3.), lorazepam (CF1), ketoconazole
(CAD1), haloperidol (CB1), ranitidine hydrochloride (CB2), combination
antacids and adsarbents (CC1), megnesium hydroxide (CC2), aluminum
hydroxide (CC3), famotidine (CD1), amepsazole (CD2), clonazepam
(CG1), and temazepam (CG2).

Body surface trea (BSA) and lean body weight (LBW) were very highly correlated with
weight (WTB); therefore they were not used during model building. They were only
explored during model refining stage.

In addition, stody (STUD) and dose group (GRP) were also considered. They were not
explicitly mcarporated in NONMEM models, but were used for diagnostics.

Gender, race, smoking, alcohol consumption, diagnosis, study, and presence of
concomitaat medications were modeled as categorical covariates. The other covariates




Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 31 of the NDA.

wemoddedaseonﬁnmuConcomimmMaﬁommmoddedmﬁme-ming
covariates, whereas all the other covariates were modeled as time-independent.

The exponential (proportional) model for covariates was first tried for all the covariates.
"Continuous covariates were centered about the median (or a vatue close to the median) of
the distribution of the respective covariate in the population. For example, the influence
of weight on clearance CL; was modeled nx:

Cly = CLo exp((WTmedian(WT))/ median(WTy) * CLwr), (Eq.3)
where CLy; was the typical value of clearance predicted for an individual with covariates
equal to those of patient j, CLo denoted the typical clearance for an individual with the
median value of weight, and CLwt was an estimated effect of weight on clearance. The
expression

exp((WT-median(WT)) median(WT)) * Clwr) (Bq.9)

represented the proportion by which predicted clearance of the individual with weight
WT] differed from the typical clearance in the population.

Additionally, power models of the form
CLg = CLo (WTymedian(WT))'™", . T @9
were tried.

For the covariates with missing values in the population coded as -1 in the data set
(SMOK, ALCO, CPK, and BPD), a scparate parameter for a missing value was used
when modeling the covariate.

For patients with very high estimated creatinine clearance (CRCL or CSAL > 150),
creatinine clearance was restricted to be below 150 mg/min, as it is commonly done [21)
(the value of 150 was used in NONMEM).

414 Model building procedure
Model building was performed in several steps:

Step 1: Base model without covariates.

At this step, a compartmental model was chosen. The first order estimation method was
used at this step. The objective function value, diagnostic goodness-of-fit plots, and
distributions of random effects guided model selection. It was shown [22] that for FO
method the actual a level is much higher than the stated nominal level when the



Appendix 3. Applicfnt’s Pharmacokinetics Model Selection Process, continued

- The below is reproduced from Volume 1.84 p. 32 of the NDA.

likalihood ratio test is nsed (sometimes as high as a =0.4 for the stated nominal level of @
=0.05). Therefore, the likelihood ratio test with the a =0.001 significance level (that
corresponded to the drop of A=10.83 in the value of the objective function for ons
additional parameter) wes used for model comperisons with the FO method .

Diagnostic goodness-of-fit plots included plots of population and individual predicted
versus observed concentrations (PRED and IPRED versus DV), weighted residuals
individual predictions (TWRES)| versus IPRED), distributions and a scatter-plot matrix of
individual Bayes estimatrs of inter-paticot random effects.

Step 2: Construction of the full covariate model.

At this step, a full covariate model was chosen. As above, the first order estimation
method was used. The drop of A=10.83 in the value of the objective function with the
addition of one parameter was judged to significantly improve the model fit.

A large portion of the covariates were time-varying covaristes. Screening techniques
(graphical and GAM (23] analysis) are not effective for this type of covariates and were
pot used in this analyzis. Rather, all the covariates were incorporated into the population
model.

Due to the large number of covariates needed to be tested, the model was not constructed
by adding one covariste at a time to one parameter. Model building, instead, proceeded as
follows. First, one covariate was added to all three parameters CL, V, and Ka. This
intvolved adding three or more parameters to the base modl. If the model with tae
covariate did pot decrease the objective function by at least 10.83, the covuriate was
dropped from further investigation. If the model with the covariate passed this criterion,
the models with that covariate in only one pharmacokinetic parameter were tried. If any
of the models that significantly improved the fit, involved adding more than cne fixed (8)
parameter (this was the case for some categorical covariates with more than two Jevels),
they were further split into submodels with only one additional parameter (for example, a
mode] that tested Race=Asian versus all otherracesin V). -

All the models with one additional parameter (compared with the base model) chosen a8
significant were incorporated together in the full model.

Step 3: Covariate model reduction with FO method

At this step, covariates were eliminated from the full model] using the backward
incresse of A=10.83 in the value of the objective function with the deletion of one
parameter from the model was a criterion for the significance of the parameter.

First, all possible models with one covariate less than in the full model wers fitted to the
data. The model with the lowest objective function value was compared with the full
model If the increase in the objective function was less than the critical value, the model

4



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reprodu.c_:ed from Volume 1.84 p. 33 of the NDA.

sexving as the full modol. The procedure was repeated several times, every round starting
with a model with one less covariate than on the previous round. The procedure stopped
when no covariates could be eliminated.

Step 4: Mode! refinement

This step involved several consecutive sub-steps. First, a mumber of alternative models
were fitted for covariates that were highly correlated in the population. This involved
interchanging the covariates in the models, trying some combinations of correlated
covariates, and modzels other than exponential (soe section 4.1.3). The first-order method
was usod.

The differences between some of these models were subtle, so FOCE method had to be
used. Also, with the large amount of data used for the analysis, there was a sense that
even with the stated @ =0.001 significance Jevel, the FO method might keep spurious
covariates in the model. Therefore, the model reduction procedure was implemented
again using FOCE with interaction method, this time starting from the best model
described by the FO method. The significance level a =0.01 was used. This corresponded
to the increase of A=6.68 in the value of the objective function for one paremeter
excluded from the model.

Diagnostic plots of inter-individual random effects versus covariates for the reduced
model suggested a couple of minor modifications to improve the model. Therefore, a few
additional models (described in Section 6.3.4) were fitted before arriving at the final
modal.

415 Evaluation of the final popalation model
The predictive performance of the population model was evaluated through graphical
analysis and through fitting the final model to data subsets (leverage analyzis).

4.15.1  Graphical analysis

The final population model with the final parameter estimates was used to predict the
observed concentration levels. Goodness-of-fit plots were evaluated for systematic bias.
Plots of individual random effects versus covariates were cvaluated to check for
unaccounted dependencies on covariates. Scatter plot matrix of individual random effects
was used to check the adequacy of their comrelation structure.

4152 Fitting to data subsets (leverage analysis)

All patients were randomly divided into ten groups, each consisting of roughly 10% of
the total number of patients. Excluding patients from one of ten groups from the full data
file created ten new data sets. The final pharmacokinetic model was fitted to each of the
resulting data files, and the model parameters were compared with the estimates and
confidence intervals obtained from the fit of the foll data file,

.0



Appendix 3. Appii_cant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 71 of the NDA.

8T-11 Summary of NONMEM runs for base pharmacokinetic model

Rur® | Model Q'/T structare OF>

12 . | } compertment: € DIAGTLY, KA 240590
Q. =6, exp(na), V =8; ap(ny), E:additive + proportional
KA= 6 exp(ngy)

10 Same a8 12 0: CORLCLY, KA) 22400.79

. E:additive + proportionsl
14 Same as 12 £ COR{CLXA), CUR(V.XA) 22400.9
E:additive + proportional
15 Same sa 12 £X: DIAO(CLY, KA 241284
2: proportiona}

13 2compartments; Q: DIAGICL, V2, KA, QYY) 22270.38
CL=6, ap(na), V2 =6, ap(tv)y | Diadditive + propartivasl
KA= 8, op(nxa)y
Q = 8, exp(niq), V3=6, exp(nyy)

14 Same a3 13 Q: DIAGICLVZ, KA), CORNQ,YS) | 2226543

I:additive + proportionsl

Tha dats file pk_mod].cev was used in al) the yuns

DIAGQLY Z) denotes » diagonal variance-coveriance watrix of inter<dndividual random effects XY,
md Z; COR(X,Y) denotes s correlation between inter-individual random effocts X and Y.

The first ardec estimation method (PO) was used i all the nums.

OF denotes the mininren value of the objective fimction.

op

po

The below is reproduced from Volume 1.84 p. 72 of the NDA.

ST-12 Parameter estimates of the base pharmacokinetic made! (Run 15)

Parameter 1 Estimate l %RSE 1 %CV
CL (/) 32 242%

vV (L) 303 422%

KA (1/h) 137 16.7%

o - 0210 7.71% 45.8%
| oy 0.334 19.4% 57.8%
P 1.2 77.8% 110%
Intra-individual variability

oy 1 0.0307 | 9.51% | 17.5%




Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 73 of the NDA.

ST-13 Summary of NONMEM runs for Stage 1 PK covariste model buflding

Run' | Model® oF A
15 Base model: no 241284 NA
coveristes
20 GRA 22411.78 -1.08
21 DIA 2197.99 «14.85¢
2 GRB 22396.76 -16.08*
2 GRC 22331.93 -30.91*
24 ‘GRD 237497 3787°
2 GRE 2403.77 5.07
| 26 ALX 223%.36 -13.28¢
2 SGoT 2240263 -10.16
28 SAPT 22400.16 -12.68*
(29 BPFD 22356 -56.24°
30 CPK 22389.08 «23.76°
31 GRF 22404.16 ~2.68
2 GRG 22397.16 -15.68°
33 CAl 41448 1.64 -
34 CBI 22410.15 269 .
N ET Ch: 240831 4.5
36 CC1 238421 -2263°
3?2 o3 2241243 LAl
38 CD 22405.89 -1.95 )
39 cD2 22370.17 426T*
40 CF1 22404,16 -3.658
4] (¢} 2240946 -3.38
42 577 2238549 2735°
43 BIL] 22392.18 -20.65*
44 SMOK 22381.87 30.97°
43 ALCO 2238126 31.58°
46 SEX 22330.33 ~6201¢
47 AGE 2378.08 34.79°
4 WIB 22357.33 S531°
49 BMI _ 22403.19 5.6
S0 PROT 2240928 +3.56
si CSAL 22351.69 61.13°
274 RACE(1Y 2240529 .93
273 RACE )" 2240641 £.43
52 RACE(4 5} 2236548 -47.36*
a. Stage 1 modelx: linear regression mode! for ane covariats i3 added to each of C1, V, snd Ka. Covarime
nzme (ex., AGE) daaotes & covariate added to the model.
b Changs in the abjective Amction coprpared 1o the final base undel.
¢ Covuriste for RACE~],
4. Covariates for RACE~2 sad RACB=3,
o Coveriates for RACE=~S snd RACB~S,
f.  The data fils pk_tnodl.csv wes usod in all the rons
* Significant rcprovement



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 74 of the NDA.

ST-14 Sommary of NONMEM runs for Stage 2 PX covariate mode! building

Run” | Model® OF A°
18 Bass model: o 22412.34 NA
covaristes
$4 CL{DIA) 024M.07 -10.77
5 V(DIA) 041284 0
[73 KA(DIA) 22410.08 -2.76
$7 CL{GRC) 2238387 -28.97¢
53 V(GRC) 22407.93 EXT]
59 KA(GRC) 241284 0
60 C1{GRD) 2410.79 205
L6 V(GRD) [ 22386.03 -26.31*
[+] KA(GRD) 238.6 30.24°
63 CI{ALK) 22400.53 «1231°
64 VALK 22411.01 1,83
65 KA(ALK) 24)12.05 -0.79
66 22407.40 o344
7 VGEGOP) 224045 3
68 KA(SGPT) 2412.61 0,16
115 CLEPD) 22403.18 45.66
275 V(B¥FD)* 2241245 -0.39
276 KABPD)® 2411458 -1.39
277 CL(CPK)” 22411.69 -1.18
73 V(CPK) 22409.09 3.75
94 KA(CPK) 22419.72 698
75 CL{GRG) 22407.66 .5.18
76 V{GRG) 2403 69 .18
2l KA{GRG) 2412.89 .01
7 CL{CC]) 0388.77 21078
79 V(CCH) 22408 .46 438
$0 KA[CCY) 2412.1 0.74
81 cL(CD2) 22405.59 <729
[+] V(CD2) 22376.03 -36.81°
<] KA(CDZ) 2241253 0.0
) a(ca 2241131 133
85 V(CQ2) 2391.99 -14.85*
86 KA(CGZ) 22390.59 2225%
87 cLELY) 22406.76 6.08
33 V(BILI) 223993 .13.53¢
89 22412.84 0
90 KA 2241234 0
7] SMOK) 2239326 -19.358%
(92 V(SMOX) _ 22404.87 -7.97
93 KA(SMOK) 22419.1 616
94 CL{ALCO) 22393.07 .19.77%
93 V(ALCD) 22404.16 368
96 KA(ALCO) 22411 .42 142
9 A 22411.74 -1,
98 V(AGE) _ 379.72 33.12¢
99 KA(AGE) 2241243 041
100 Q{WTB) 22396.07 -16.77%
101 V(WTR) 237303 -34.81%

.C



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 75 of the NDA.

Run® | Mode!l® OF A®

102 KA(WTB) 2241284 0

103 CL(CSAL) 23511 61.14°

104 V(CSAL) 22412.69 20.15

165 KA(CSAL) 22412.83 20.01

106 CL(RACE~4, 2393.75 “19.09°
RACE=S)

107 V(RACE=4, RACE=S) | 223788 34.04°

108 KARACE4, 2241498 234
RACE=S5)

109 CL(GRB) 2412 o84

110 V(GRB) 2402.56 -1028

111 KA(GRB) 2240981 3.3

112 CL(SEX) 235432 ~58.52%

13 V(SEX) 22411.14 1.7

114 KA(SEX) 22410.78 2.06

a. Stage 2 models: linear regreasion mode! for one covariate is added w0 each of CL, V, and Ka. The
pame denotes ths PK parametor to which a covariate s added.

Change in the objectivs function compared to the final base model
¢ The datz file pk_mod].csv was used in all the runs

d. Missing value of the covariate is trested as equal to the median value in the population

* Sigrificant improvemean
ST-15 Summary of NONMEM runs for Stage 3 PK covariate mode! building
Run® | Model' OF A* Comparisan
Model

120 CLSMOK=MISSING)® _ | 22393.87 0.61 91

121 CL{ALCO~MISSING)' | 22354.09 1.02 94

12 CL{RACE=Asian)’ 22410.08 2.16 13

124 VRACE=Asian)® 22380.7) -32.13* 15

a.  Stage 3 models: 3 model with on¢ sdditional parameter 3 added 1o the base modal.

b, The data file pk_modl.csv was nsed in all the runs

c. A categorical model with a differert PK parameter for missing and nopmissing valoe of the covariats.
d. RACE= Asian vy all others
¢. Change in the objective function when compared with the respoctive model (Comparison modal)
¢ Significant improvement

APPEARS THIS WAY
ON ORIGINAL

.0



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 76 of the NDA.

ST-16 Summary of NONMEM runs for PK covariste mode] reduction with FO method

Run’ | Model® OF A° Comparison
Run
126 Full model; CL{CSAL,SEX,GRC,WTB,ALK), 2213644
V(CD2,BILLAGE, WTB,RACE~4,CG2),
KA(GRD,CO2)

First ronnd: coe covariate deleted from Run 126

127 CIL{CSAL) 215779 12135 1126
128 | CL{SEX) 2216009 2366 ) 126
129 CL{GRC) _ 2159.11 12267 1126
130 CL{WTB) 22137.16 0.72% 26
131 | CL(ALK) 214300 | 5.56 26
132 V(CD2) 2214929 1285 126
133 V(BILI) 22142.95 6.51 126
134 V(AGE) 22172.01 3557 1126
138 V(WTB) 22169.68 kx o] 126
136 V(RACE=4) 2163.28 2685 1126
137 KA{(GRD) 22140.49 4.05 126
138 KA(CG2) 22138.82 238 126
Second round: one covariate deicted from Rum 130

139 CL{CSAL) 22168.22 31.06 130
140 CL(SEX) 22165.80 32.63 30
14} CL(GRC) 22159.40 R24 30
142 CI{ALK) 22142.40 524 130
143 v(CD2) 22150.66 13.50 130
144 V(B 22143.63 647 30
145 V(AGE) 22172.75 3559 | 130
146 V(WTB) 22170.42 3326 {130
147 V(RACE=4) 216424 2708 {130
148 KA(GRD) 2214120 403 130
149 | KA(CGD) 213971 _|254% | 130
Third round: ane covariate deleted from Run 149

150 CL{CSAL) _ 22170.93 k) ed 49
51| CL(SEX) _ 216391 2420 1 149
152 CL(GRC) _ 12161 .68 2194 {149
153 CL(ALK) 22144.79 508 149
154 v 22150.68 10.97 149
155 V(BILY) 22146.07 636 149
156 V(AGE) 2217838 35.6S 49
187 V(WTB) 22172.65 3298 49
158 V(RACE=4) 22166.77 21.06 149
159 __| KA(GRD) 214379 408°_| 149
Fowth round=one covariate deletod froem Rum 159 -

V60 CL{CSAL) 217536 31.57 59
161 CL(SEX) 2216721 2342 59

6 CL(ORO) _ 22166.11 032 159

6| CLALK) 2014943 | 562%_ | 159
164 Y(CD2) 2218320 39.4) 159
165 V(BIL) 22150.4! 6.683 159
166 V(AGE) 22179.19 13541 | 159

10
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Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 77 of the NDA.

Ruz® | Model OF A° Comparison
Rium

167 V{WTB) 217628 3247 | 159
168 V(RACE=~() . 217116 12137 | 159
Fifth round: one covariate deleted from Run 163
169 Cl{CBAL) . 2217858 ]129.15 | 163
170 CL(SEX) 22317785 | 2844 63
171 CL{GRC) 217341 24.00 | 163
172 v(CD2) 2218933 39.95 163
173 V(BILD 2215635 ] 6.94* } 163
174 V{AGE) 2184.16 3476 | 163

75 V({RACE=~)) 21711 1.7t 6:
176 V(WTB) 2180.9 3338 &3
Sixth round: one oovariste deleted fram Rua 173
177 CL{CSAL) 22185.71 29.36 T3
178 CL(SEX) 2218464 12830 7
179 CL(GRC) 22180.14 2379 1173
180 YV(CD2) 22194.65 383 173
181 V(AGE) 219064 13429 173
182 V(WTB) 2219378 13740 {173
183 V(RACE=4) 22184.53 3218 {1713
a.  Modsl with ooe less covaristo as cdmpared with the model. (COV) denotay 8 PX

pPr Y

parameter P for which a relationship with the covariats COV is fixsd 1 zero. For example, CL(SEX)
denotes a mode] without SEX in CL campared to the Comparison Run for the respective round,

Objective fmction valuo

Changs in the objective fincthon compared to Comparbson Run

The data flle pk_mod].csv was wsed in all the runs

* Model delatod afier the respective round

ST-17 Summary of NONMEM runs for PK model refinement: FO method

Run® | Model® OF A° ANpar®
184 ( Model as In Rum 173, bl with the data sel 2032
pk_mod]_subwt.cav:
CL(CSAL, SEX, GRC), V(CT2, AGE, WTB, RACE=4)
185 __{ CLWTB) imstead of CL{SEX) 23106462 1 2930 {0
126 SA) instead of | 210338 | 2605 (0
187__| CLLPOWER WTB) frszead of CL(SEX) 210623 | 289010
190__| CL(POWER WTB,BMI) insicad of CL(SEX,CEAL) __ | 22077.13 | 020 _ |0
191__| CL{POWER WTB, BMI) tustead of CL{SEX,GRC) 22093.18 [ 153510
156 __| CL{LBW) mstead of CL(SEX) 208252 8200
197__| Cl{lincor LBW) instead of CL(SEX) 208124 | 39210
138__| CLPOWER iosiend of 22065.06 | -1136_| )
189 | CL{BSA BMI) instead of C1L{ 22067.93 | 9539
192 _| Ci{limear WTB,BMI) insiead of CL{SEX) 22066.88 | 1044
193__| As 192, bt V liveas in WIB 206783 | 9.50
198 | Ci{limear LBW,BMI) insiead of 206936 | -TAT |1

s The data file pk_modl_subwt.csy was used in all the runs,
b Ifnot noted otherwiss, the description specifies the difference from Rin 134,

[

Changs in the objective function compared to Rua 184

d.  Changs in the sumber of estimated paracneters compeared to Run 184

11

|0



Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 78 of the NDA.

ST-18 Summary of NONMEM runs for PK mode! refinement: reduction with FOCEL

‘C

Run* | Model’ Converge | OF° A* Comparison
| Ram

199 | As 192, but FOCEI method Y 2197247
First round: cpe covariate deleted from Rmn 199
201 CL(GRC) N 21975.36 2.38¢ 199
200 CL(CSAL) N 21977.86 539 199
204 CL(WTB) N _21979.91 TA3 199
205 CL(BMID) _ N 21980.13 7.65 199
206 V(CD2) Y 21972.85 0.38¢ 199
207 V(AGE) N 21983.38 10.90 199
208 V(WTB) N 22005.02 32.55 199
209 V(RACE=§) Y 21976.70 423 199
215 CL(GRC)-V(CD2) Y 21975.70 3.22¢ 199
Sccond round: one covariats deleted from Run 213
232 CL{CSAL) Y 21981.15 S48 218
233 CL{WTB) N 21983.17 7141 213
234 CL(BMI) _ N 219%3.43 1.73 213
235 | V(AGE) _ N 2198535 | 9.66 | 215
236 V(WTB) Y 2200828 3259 213
237 V(RACE=$) Y 21979.76 407 213
Third round: one covariate dsleted from Run 237
212 CI(CSAL) N 21985.07 531¢ 237
B38| CL(WTB) Y 2198846 | 870 | 237
239 CL(BMI) Y 21986.47 6.70 237
240 V(AGE) Y 2199029 10.52 237
241 V(WTB) Y 2201354 33.78 237
First round: c1:¢ covariate deleted from Run 212
217 __| cLBMD) Y 2199766 [ 1259|212
224 CL(¥TB) Y 2200529 2022 212
226 V(WTB) Y 22019.41 3434 212
228 V(AGE) Y 21994 48 941 212
Further refineroent -
252 CL{LBW) instead of Y 21982.79 228 212

CL(WTBBMI) _
254 add CLOMILD) to 252 Y 2197858 421 252.
263 Az254, but MILD i based an Y 21979.42 088 254

CRCL, bt CSAL
260 | Final for PK/PD: model a8 254, bt | Y 22056.90

with pk mod] corl.csvy
282 Final PK: as 252, but with Y 22063.89

modl corl.cxv

a Whert hot noted otherwise, the data file pk_mod]_subwt.csv was used.
b, Model with one less covariate as compared with the comparison model. P(COV) denctos 3 PK

paramster P for which a relationsbip with the covariate COV s fixed to 2ere. Por exampls, CL(GRC)
denotes s model without GRC in CL compared to the Compariaon R for the respoctive round.

e. Objective fction value

d. Change in the objoctive function compared to Comparison Rum

* Sub-model deleted after the respective round

12
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Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reprodu::ed from Volume 1.84 p. 79 of the NDA.

ST-19 Parameter estimates of the final pharmacokinetic model (Ron 262)

Parameter | Parameter %RSE" | 95% Confidence interval CV%
estimate Lower bound | Upper bound
Cl, 3.81 2.70% |3.6) 4.01
Clinw 0.498 |259% | 0245 0.751
Vo 293 345% |273 313
Vace 0.309 |28.3% |0.138 0.480
Vwr 0.754 | 11.7% | 0.581 0.927
KA 1.06 12.2% | 0.807 1.31
Inter-individual variability
o’c 0225 |7.96% J0.190 0.260 47.4%
o'y 0.159 118.8% |0.100 0.218 39.9%
© KA 143 776% |0 3.61 12096
Residual variability
o‘p 0.0302 | 9.50% | 0.0246 ] 0.0358 - 117.4%

& %RSE is percent relative standard esror (100% x SE/EST)

ST-20 Parameter estimates of the pharmacokinetic model used in PKPD (Ron 260)

Parameter | Parameter cstimate | %URSE* | CV%

Cle 3.84 2.56%

[CLaa -0.150 36.7%

‘ _Q_Llﬂl 0.418 28.7%
Vo 293 2.83%

(Vace 0325 194%
Vwr 0.748 9.72%
KA 1.10 5.01%
Inter-individual variability
o' 0.223 7.76% 47.2%
o'y 0.158 15.9% 39.7%
KA 1.47 20% 121%
Residual varisbility

op 1 0.0302 8.77% - 117.4%

& %RSE is parcont relative standard error (100% x SE/EST)

13
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Appendix 3. Applicant’s Pharmacokinetics Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 80 of the NDA.

ST-21 Dependence of clearance on lean body weight

Lean body | Lean body Typical clearance | Fraction®
weightin | weight CL (L)

the LBV (kg)

population

Min 20.6 23] 0.2

10% quantile | 45.2 33 = 1090
Moedian 1.7 3.60 1.00

90% quantile_ | 709 3.98 1.11

Max 4.7 439 122

a. Freciion of clearance of a-typical patient with median LBW,

ST-22 Dependence of volume of distribution on weight and age

.1

Weight in the | Weight | Ageinthe Age Typical Fraction
population &kg) populetion | (years) :Lo;ume

Mn 43 Medisn 39 206 0.70
10% quantils 62 Medisn 39 246 0.84
Moedian 81 Medlan 39 29) 1.00
90%% quantile 110 Medizn 39 383 1.31
Max 353 Mediag 39 570 1.54
Medim 81 Mim_____ |18 2¢¢ 0.84
Medizn . 81 10% quantile | 25.3 261 0.89
Median [ Median 39 293 1.00
Medisn 81 90% quanals | 52 327 1.11
Median 81 Max 9 373 1.27

& Fraction of volume of distribution of s {ypical patient with median weight and age.

APPEARS THIS WAY
ON ORIGINAL

14



Appendix 4. Applicant’s QT-interval Model Selection Process

The below is reproduced from Volume 1.84 pp. 40-41 of the NDA. The results of the strategy put
forth on pages 40-41 are presented in a series of Tables which are found on pp. 95-97 of Volume 1.84,
these tables are reproduced below (beginning on page 2. of this appendix).

PHARMACOKINETIC/SAFETY ANALYSIS .
‘T.:eobjec&vcofﬂ)ephmm]dncﬁdmfaymal.ydsmmmﬁn@mmmp
hmmim'aﬂpimhplmmnmmdqrcmmm
plasma concentration was the independent variable, and change of QT¢ from baseline
was the response variable in the analysis.

Three measures of intuvalmusedinthaunlyds:Bmu’s(Q‘ICB).Fﬁdaidg’l
(QTmm],mdﬂ?eT;DADideemoplgmmommmdod(Qrcn)mmdmd;c
QT interval (sec Section 3.3.1 and Appendix V). Separate analyses were performed
QTCB, QTCF and QTCa.

of
F a@hofﬂ:oqrcmemmuepmmmwfmmedﬁfrﬂ?wwhdm
ﬁgediﬁ?uuwea,lz,md“homs)bctwemECGmdpbamanohmmmm

[

In addition, seperate analyses were performed for patients on aripiprazole and patients in
both aripiprazole and placebo groups.

The following graphical and statistical analysis was performed for each of the response
and time windows:
Ilneasmamdiwdualplots(spaghemplots)onTcchmgeﬁombasehnevemnplmma
concentration;
all occasions
2. Plots of QTc change from baseline versus plasma concetration for
together (Day 14, Day 28 end Early termination), and for each occasion separately;
3. Linear mixed-effects modeling of QT¢ change from baseline versus plasma
concentration.

linear mixed-effects regressio n(appoptimfmnpmdxpcasgmdesi@)ugq&
&mwm&mﬁmmweﬁ‘wtsmdm ID as the additive
inter-individual random effect as follows:

AQTc = pu+ay® Concy +np+ox.

. ent for
Here AQT i denoted change from baseline of the * measurement from the j® patient
mek*qrc:em(k-m,aform‘ca QTCF, and TCn, respectively); px and ax
mmwmdmcdopefmthek'QTcmm,mmﬂwmdxwdualmdm
eﬁ'ectofthcj pmmtforthek‘qrcmme,mmmcmdualmmdwuw
the i*® concentration measurement from the j® patient (independent variable).



Appendix 4. Applicant’s QT-interval Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 95 of the NDA.

ST-35 Typical drug effect (on top of placebo effect) after 30 days of dosing according to

the final Duration and AUCU modeis
Drug effect (on top of
placebo)
m’D“;“ AUCU® ‘“;s Wit No
(Model concomitart | concomitant
lorazepam lorazepam

334 (Duration) NA | NA -11.5 -89
385 (AUCU) Min 847 | 0319 49 4.3
385 (AUCU) | 1" quartile | 86.7 | 3.65 -12.7 9.6
385 (AUCU) | Median 138 | 5.82 -12.9 9.4
385 (AUCU) | 3"quartile | 198 | 834 116 83
385 (AUCU) Max 475.0 | 21.9 3.2 22

8. AUCU values reached by 26-30 days of dosing

ST-36 Total change® from baseline of Total PANSS score in typical patients on

aripiprazole after 30 days of dosing
from baseline®
BPD level® BPD With concomitant No concomitant
lorezepam lorazepam

Min 57 33 271
" quartile 82 -11.1 -14.8
Median 93 145 ' -182
3" quartils 107 -18.8 -22.6
Max 146 -30.9 -34.7

s locludes placebo and drug effoct;

b. The first and second colunms carrespond to distribution of BPD in placebo paticats. In petients on
aripiprazole the distribution may alightly differ.

¢. According to Duration modsl, PKPD run 334.

ST-37 Parameter estimates and p-values for change in QTCB from baseline for
aripiprazole patients according to the linear mixed-effects model.

Time window * Parameter Estimate p-valoe
2bouvindow | — oo
Rdouwwindow e,

LWW&WWM“MMW

..Q



Appendix 4. Applicant’s QT-interval Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 96 of the NDA.

ST-38 Parameter estimates and p-values for change in QTCB from baseline for
aripiprazole and placebo patients according to the linear mixed-effects model.

Time window * Parameter Estimate p-valus
TR —
Dhowwindw oo oo
Goowwadow GBI

8. Meximum time difference betwoen RCG and corresponding blood ssmples

ST-39 Parameter estimates and p-values for change in QT'CF from baseline for
aripiprazole patients according to the linear mixed-effects model.

Time window* Parameter Estimats | p-value
2-hour window Conc 3ﬁg6 32:;?
2bour wiodow [ ST T
48-hour window n&w D OO gg::’

a. Mxximum time difference between ECG and corresponding blood samples

ST-40 Paramcter estimates and p-valves for change in QTCF from baseline for
aripiprazole and placebo patients according to the linsar mixed-effects model

Time window® Parameter Estimate p-value
Zhoor window Cone T 0050511
12-bowr window Coot T gg_'ogzoo
48-bour window mc:;;:‘zmt 3%09 g%oo

LMlmmmMmubumBOGmdmdbgbhodmph

ST-41 Parameter estimates and p-values for change in QTCn from baseline for
aripiprazole paticnts according to the linear mixed-cffects model.

Time window® Parameter Estimate p-value
2-hour window Cone P ose
12-bour window o 250039 o0
e ¢ S 7 — 3

8. Mxxinmm time differance betwoen ECG and corresponding blood samples

.'
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Appendix 4. Applicant’s QT-interval Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 97 of the NDA.

ST-42 Parameter estimates and p-values for change in QTCna from baseline for

aripiprazole and placebo patients according to the linear mixed-effects model
Time window® Parameter Estimate p-value
Lhowwindow  foe o
Dbowwidew [ T
48-bowr window o o i} Yo

& Maximum time difference between BCG und carresponding blood szmples.

~ APPEARS THIS WAY

ON ORIGINAL

“



Appendix 5. Applicant’s PANSS Model Selection Process

The below is reprodu-ced from Volume 1.84 pp. 33-40 of the NDA. The results of the strategy put
forth on pages 33-40 are presented in a series of Tables which are found on pp. 81-95 of Volume 1.84,
these tables are reproduced below (beginning on Page 9. of this appendix).

v

\|
ARS THIS WA
APPQEN ORIGINAL
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 pp. 33-34 of the NDA.

42 POPULATION PK/PD ANALYSIS
The population PK/PD analysis consisted of scveral major steps:
1. Base placebo model development using the data from placebo patients;

Covariate placebo model building;

Base PK/PD model development using the pharmacokinetic and pharmacodynamic
data from petients on aripiprazole;

Base PK/PD mode! dsvelopment using the individual exposure and
pharmacodynamic data from patients on aripiprazolesand placebo;

5. Covariate PK/PD mode! building.

> Wb

As in the pharmacokinetic analysis, the NONMEM program version V level 1.1, with
NM-TRAN version III level 1.1, and PREDPP version IV level 1.1 was used [14].
Throughout the PK/PD analysis, the first order conditional (FOCE) method with
interaction was used to obtain estimates of the population and individual parameters. The
. NONMEM interface [16] was used to nin NONMEM. S-Plus 2000 }
Professional Release 2 [18] and Xpose 2.0 [19] were used for goodness-of-fit diagnostics
and visualization of results. SAS version 6.12 [9] was used for data management.

421 Placebo model

4.2.1.1 Base and covariate placebo model structure

The dependence of placebo effect (EFFpmac) on duration of placebo dosing was sought in
the following form:

SCORE = SOOREa + EFPw »
EFFprac ™ SLPpe*DUR*PWRoR »

Here SCORE denotes total PANSS score at the time of measurement; SCORE, denotes
the initial score at duration DUR=0; and SLPx and PWRpuz denote the slope and
power of the duration term, respectively. The parameters SCOREq, SLPnug, and PWRoux
were the mode! paramsters to be estimated.

The same covariates as in pharmacokinetic analysis were considered (except for the dose
group) in the development of the covariate placebo model. The additive model for
covariates was first tried. The covariates were added to the slope of the duration term. As
in pharmacokinetic analysis, the continuous covariates were centered in the modaels. For
example, the influence of the baseline score on typical slope was modeled as:

SLPpus o = SLPg + SLPprp*(BPD; - median(BPD))),

where SLPpim o5 was the typical slope predicted for an individual with BFD equal to

BPD of paticnt j (BPDy); SLP¢ denoted the typical slope for an individual with the median
BPD in the population; and SLPapp was an catimated effect of BPD on siope.

In addition to the additive covariate models, the exponential models were tried at the
model refining stage.



Appendix 5. Applic;nt’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 35 of the NDA.

42,12  Statistical placebo model

.Since there are no requirements for the parameters of the empirical PD models to be
positive and there is no a priozi evidence of log-nomality of their distributions, the
additive ezror models were used in addition to exponential error models to describe the
inter-patient variability, e.g. for SLPpys:

SLPpum = SLPpur 05 + h s

where vy s1p denoted the difference between the true individual parameter (SLPpyx j) and
the typical value (SLPpyz o)) predicted for an individual with covariates equal to those of
patient j. The models with the diagonal variance-covariance matrix of inter-individual
random effects were used.

As in the pharmacokinetic modeling, random residual variability was modeled using an
additive, proportional or combined exror model.

42.13  Placebo model building
Development of the placebo mode! was performed in acveral steps:

Step 1: Base placebo model without covariates

At this step, models with different sets of inter-individual random effects and different
residual models were tried. In addition, models that estimated the initial score with and
without use of BPD were compared. The significance a level of 0.05 (4=3.84 for ons
additional parameter) was used for model discrimination.

Diagnostic goodness-of-fit plots included plots of population and individual predicted
versus observed concentrations (PRED and IPRED versus DV), weighted residuals
versus titoe (WRES versus TIME), and absolute individual weighted residuals versus
individual predictions (TWRES]| versus IPRED).

Step 2: Construction of the full covariate model.

At this step, a full coveriate model was chosen, As above, the drop of A=3.84 in the value
of the objective function with the addition of one parameter was judged to significantly
improve the model fit.

Plots of individual random effects versus time-invariant covariates were used to screen
the covariates for inclusion in the population model. Time-variant covariates,
concomitant medications, were included without pre-screening.

Onecovaﬁmuaﬁmewmaddedwthebasemodd.mmmmiﬁeuﬂy

improved the fit when added alone to the base model were incorporated together in the
full model.

.'



Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 36 of the NDA.

Step 3: Covariate model reduction

At this step, covariates were eliminated from the full model using the backward
elimination procedure (see Section 4.1.4). As in PK section with the FOCE method, the
increase of A=6.68 in the value of the objective function with the deletion of one
parameter from the model was a criterion for the significance (a= 0.01) of the parameter.

Step 4: Model refinement

Estimates for some of the structural model parameters were small or were poarly
estimated. Therefore, the models with those perameters eliminated (described in 6.4.1.2)
were tried. In addition, 8 model with a more complex structural dependence on duration
and a mode! with the exponential rather than additive covariate effect were tried before
arriving st the final model.

422  Aripiprazole PK/FD model

4221  Base PK/PD model

Drug effect (EFFprye) was modeled as an increment above the placebo effect, so that
total change of PANSS scare from baseline was sum of the placebo and drug effect:
SCORB= SCORE, + EFFpac + EFFgua.

A model for the drug effect was sought es a finction of exposure (or total daily dose) and
duration of dosing.

The following exposure and dose measures were investigated:

1. Cumulative AUC (AUCU) Total exposure from start of dosing to the last
day before the PANSS measurement

2. Last AUC (AUL) AUC for the 24 bour period ending at the time of
last dose before the PANSS measurement

3. AUCss (AUSS) Steady state AUC determined from dose and
clearance

4. QGRP Dose group

The cumulative AUC and the last AUC increased with duration of dosing; the other two
measures, AUSS and GRP were time-independent.

mapommmwmmpmndasfonm(mdeﬁwﬁminwm:

AUL <2 [ = (oo _L)“""]

V Ka-K

AUSS -%.
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 37 of the NDA.

AT “m.bm]"gxxaxa{‘:‘ 1-{:—:;&"’ Ka '.l.ﬁ-:r-l}

Here D denotes the daily dose, Ka is the absorption rate constant, K=CL/V denotes the
climination rate constant, and [DUR] denotes the pumber of full days of dosing.

In Study 31-93-202 doses were not constant, they were to be escalated from 5 mg to 30
mg a day during the first two weeks of the study. Therefore computations of AUL and
AUCU had to be adjusted for this study as described below.

On average, in Study 31-93-202 the dose of 30 mg was attained by 15 days. For

ion of AUGC, it was assumed that the dose increased linearly with duration from
5 mg on day 0 to 30 mg on day 15, and that it stayed 30 mg afier day 15. The adjusted
last AUC (AUL,y) onday DUR was assumed to be a fraction of AUL for fixed 30 mg
dose, the fraction equal to the ratio of the dose on that day to the 30 mg dose. Thus, this
fraction monotonically increased from day 0 to day 15, where it reached the valoe of 1.

For the cumulative AUC, the adjusted cumulative AUC (AUCU,4) was also assumed to
be a fraction of AUCU for the fixed 30 mg dose. The fraction was calculated as the ratio
of the area under the dose versus duration curve from day 0 to day DUR over the

comresponding area for the fixed 30 mg regimen. This fraction increased monotonically
with duration, with faster incregse in the first 15 days and slower increase thereafier,

¢ Since doses could have been rising noo-linearly and since lincar approximation for the
last and the cumulative AUC is a simoplification, the adjustment fractions were allowed to
differ from the fraction obtained using the above assumptions. This was attained by
raising the fractions in some power that was estimated simultanecesly with all the

parameters in the PK/PD model. Later in the analysis this power was fixed to 1.

The individual exposures were used in the drug effect model. Thoy were computed in one

of two ways (both ways were tried):

1. Both the PK and PD data were kept in the data file (pkpd1_act mod2.csv), the
popuhﬁonPKpumsmﬁxedtothcmﬁmﬁeﬁml

model. In this case individual exposures were computed in
NONMEM simultanecusly with fitting the PK/PD model.

2. Individual exposures were computed from the final pharmacokinetic model for
patients on aripiprazole. For placebo patients they were assignoed zero values. Theso
parameters were added to the PD data file (pd_both.csv, with anly PANSS scores, no

PK data) to be used in the mode! as independent variables or covariates.



The below is reproduced from Volume 1.84 p. 38 of the NDA.

Appendix S. Applicant’s PANSS Model Selection Process, continued

Various combinations of functions of exposure and duration were tried for the drog effect
model. The structural models and the exposure measures used are summarized in the
following table. Several exposure parameters listed in one row of the table denote several
separate models of the same structural form with different exposure measures s

independent variables, one for each model.
‘ Exposure parameters gsed
Structural model form (one 2t 8 time)
Additive models of exposure and duration
SLPpar* PAR + SLPdur * DUR AUSS
SLPpar * PAR + SLPdur * DUR ** PWRdur AUSS
SLPpar * PAR**PWRpar + SLPdur * DUR AUSS
SLPpar * PAR** PWRpar + SLPdur * DUR ** PWRdur AUSS
Emax(PAR) + SLPdur * DUR ** PWRdur AUSS
Multiplicative models of exposure and duration
SLPpar * PAR ¢ DUR AUCU, AUSS
SLPpar * PAR * DUR ** PWRdur AUCU, AUL, AUSS, GRP
SLPpar * PAR** PWRpar * DUR ** PWRduwr AUCU, AUL, AUSS, GRP
(SLP¢+ SLPpar * PAR) * DUR ** PWRdur AUCU, AUL, AUSS, GRP
Emax(PAR) * DUR ** PWRdur AUCU, AUL, AUSS, GRP
Hill(PAR) * DUR ** PWRdur AUCU, AUL, AUSS, GRP
Other models of exposure and duration
(SLPy+ SLPper * PAR) * DUR **( PWRdury+ GRP
*PAR)
SLPdur * DUR **( PWRdurgt PWRdurpar*PAR) AUCU, AUL, AUSS
Models with exposure only
SLPpar * PAR AUCU
SLPpar * PAR** PWRper AUCU
Emax(PAR) - AUCU, AUL, AUSS, GRP
M&RJ AUCU, AUL, AUSS, GRP
Models with duration only
SLPdur ®* DUR
SLPdur * DUR ** PWRdur

Here PAR depotes an exposure measure (AUCU, AUL, AUSS, or GRP), DUR denotes
the duration of dosing (in days), Emax(PAR) and Hill(PAR) denote Emax and Hill

models for the respective exposure measures as:

.l



Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 39 of the NDA. "

Emax(PARY*Emupar* PAR/(ECsopar+PAR),
Hill(PAR) = Enupar*PAR**Gamma/( ECsoper® *Gamma +PAR* *Gamma),

and SLPpar, PWRpar, SLPdur, PWRdur, SLPy, PWRdurs, PWRdurpar, Exnpar, ECsopar,
and Gamma denote the estimatad parameters.

Estimated structural parameters were modeled both as fixed effects and a sam of fixed
effects and additive random effects. Combined additive and proportional error models
were used for modeling residual esror.

The placebo effect (EFFpLAc) Was modeled naing the model developed on the placebo

data. The model was used in one of the following ways:

1. The structure and the populsation pasrameters of EFFpac (Placebo model) were fixed
to the values from the final model obtained on the placebo patients® data, and
individual parameters of the Placebo mode! wers estimated simultansously with the
PD model. This approach was used on the data with both placebo and aripiprazole
patients (pd_both.csv) and on the data with aripiprazole patients only
(pkpd1_act_mod2.csv).

2. Placebo model was fixed to the model for a typical placebo patient. This means that
the population parameters were fixed to the values from the model on the placebo
data, except the parameters for inter-individual variability that were fixed to 2aro.
This approach was used oaly on the dats with no placebo patients
(pkpd1_act_mod2.csv).

4222  Covariate PK/PD model )

In addition to the covariates used for building the population PK model, dose (GRP) and
the individual estimate of AUC at steady state (AUSS) were also used as the covariates.
They were studied both as continuous and factor variables. Several different groupings
were used for factors; the groupings are described in table ST-10

Variable Level 1 Level 2 Level 3 | Level 4 | Level 5
2 110,15,20,30
2,10 15,20,30
GRP (2 10,15 20,30
2,10 15,20 30
2 10 13 20 30
AUSS <9 >0 and < 15 | >15

...



Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 40 of the NDA.

The additive regression model was used for covariates. The covariates were added to the
power or slope of the duration term (for Duration model) or AUCU term (AUCU meodel).

4223 PK/PD model building
Development of the model was performed in several steps:

Step 1: Base modal without covaristes

At this step, different structural models (se¢ previous Section) with different exposure
The significance a Jevel of 0.05 (A=3.84 for one additional parameter) was used for
mode! discrimination. Besides the value of the objective function, the values of the
parameter estimates and diagnostic plots greatly influenced the selection process (for
example, parameter estimates in some models with both duration and exposure were
meaningless),

Step 2: Construction of the full covariate model.

At this step, a full covariate mode! was chosen. As before, one covariate at a ime was
added to the base model. The drop of A=3.84 in the value of the objective function with
the addition of ane parameter was judged to significantly improve the model fit. All
covariates that significantly improved the fit when added alone to the base model were
incorporated together in the full model.

Step 3: Covariate model reduction

At this step, covariates were eliminated from the full model using the backward
elimination procedure (see Section 4.1.4). As in the PK section with the FOCE method,
the increase of A=6.68 in the value of the objective function with the deletion of one
paremeter from the model was a criterion for the significance (o= 0.01) of the parameter,

APPEARS THIS WAY
_ ON ORIGINAL
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 81 of the NDA.

ST-23 Summary of NONMEM runs for base placebo model

Placebo | Model® OF° IS Comparison
Run® Placebo Rum
2 SCORE9, exp(Trae)s 768043
SLPoux=6; + i
PWRon"8:
Z: proportional
3 As Run 2, but 167195 «2.50 2
PWRpix=6 exp(tivyn)
4 As Rua 2, but 767823 2 2
Z: additive + propartional
3 As Rum 2, bat 7034.78 64567 |2
SCORE~(0+8,°*BPD) exp(Tipasm)
7 As Rmn 6, but 7040.02 $24 6
SLPxy™ gy ‘
s As Run 6, but 7034.78 0.00 3
SCOREg~(6,4+0,*BPD)
9 As Rm 6, bt 7038.73 395 6
SCORE=0,*BPD

a.  The data set pd_plac.csv was used in all the nns
b. Model of the form: SCORE = SCORE, +8LPpe*DUR“PWRpp; diagoual Q matréx
¢. Objective function value

d. Change in the objoctive finction compared to Comparison Ron

ST-24 Parameter estimates of the base placebo model (Placebo Run 8)

Perameter | Estimate { KRSE 1 SD or %CV
SCOREo T 4,45 31.7%

SCOREq pp 0545 1.58%

SLPoux -1.04 43.5%

PWRous 0.385 15.5%

Tnter-individual variabilit

ogp” (additive) | 44.7 | 38.5% 1 SD =6.69
Intra-individual variability

o’y 1 0.00864 18.21% 1 %CV = 9.30%



Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 82 of the NDA.

ST-25 Summary of runs for placebo covariate mode] building.

Placebo Run® | Model® OF* 1A

] Base placsbo moded 34.78

1 ALCO 7031.63 3.15
12 RACE 7029.82 -4.96%
13 BFD 7026.69 3.09°
13 GRA 7030.71 4.06°
14 CG1 7031.78 2.9
15 GRE 702421 -10.57°
17 GRO 7034.56 022
19 CAl 7034.71 -0.06
20 CFl 7017.56 1721°
21 G2 7034 42 036 .
r GRB 7034.11 0567
43 cal 7028.66 6.12°

. &, The dxuta file pd_plac.csv was used In all the runs
b. Linear regression model: one covariste is added to the slope of the duration term. Covariste nams (ex.,
ALCO) deaotes a covariste added to the model.
¢. Objective function value
d. FOCE method with interaction
¢ Change in the objective function campared to the base placebo modal.
£ Covariaie for RACE™,
¢ Significant improvement

- APPEARS THIS WAY
- ON ORIGINAL
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 83 of the NDA.

ST-26 Surmmary of NONMEM runs for placcbo covariate model reduction and

refinement
Piacebo |Model® OF® [&' Comparison
Run* ' : Run
"3 Full placebo covariate models 6984.00
RACE, BPD,GRA,GRE,CB|,CF1
First round: models with one less coverials compared to Placcbo Run 46
47 RACE 698922 [522 |46
43 BPD 699197 (2.97 48
49 GRA 6987.87 [3.36* 46
50 GREB 6994.06 10.06 46
51 CB1 698929 {329 A4
52 CF1 7002.07 {1807 |44
Second round: modzhwnhonelmcovwmwpmdehmbo Rimn 49
53 RACE 6993.16 {5.29* 49
34 bpd 699592 (8.03 49
58 GRE 6997.92 0.05 ]49
56 CB1 699327 1540 49
57 CF1 7005.86 11799 |49
Third round: models with one less covariue compared to Placebo Run 53
58 BPD 7001.31 {8.15 x)
39 GRE 7003.13  19.97 3
60 CB1 6998.32 }5.16° 3
61 CF1 7011.09 {17.93 3
r«mmmmﬂm“nmwmmbomw
70 . TBPD 700658 I
7 |GRE FI )
i) ICF) 1680 (1848 |60
Placebo model refinement
42 As Placebo Run 60, but interoept PANO fixed t0 0 {6998.87 (053 60
43 As Placebo Run 42, but GRE fixed to 0 700860 _{9.73 42
62 As Placebo Rim 42, but additional decxy with time  [6996.94 {-1.93 42
63 As Placebo Rum 42, but exponential modal for BPD {6997.66 {120 42
{nstead of additive
6S As Placebo Rum 43, but SCORE, fixed to BPD 700096 {136 43
a The data Gls pd_piac.csv wes used in al the runy
b Model with ons lexs covariste as compared with the comparison model. Coveriate listed depotes s
m&m-wmmmduaﬂmmhm»m
c. Objective fanction value
4. POCE method with interscton
¢ Changs in the objective function compared to Comparbon Run
£ Covaristes listed ays covaristes in ¢he slope of the duration term

* Mode] deleted sfter the respective rovnd

11
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 84 of the NDA.

ST-27 Paramecter estimates of the final placebo model (Placebo Run 65)

Parameter [ Estimate [%RSE T%CVarsSD
SLP 2,66 25.6%
sx.g;,g -0.0878 32.7%
SlPcy 1.82 35.5%
Power 0371 15.3%
-individual variability_ :
- 440 [36.1% SD=663_aaditive
Residual varisbility
e ~10.00859 “[85% [CV=92T%

APPEARS THIS WAY
ON ORIGINAL
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ST-28 Summary of NONMEM runs for base PK/PD model wiih no placebo paticats in the data file.

$8033d 8 [0A 9wy

PKPD Model form™ Parameter | Random effects’ | Couv | Bound® | OF
run® (PAR)’
, Mubipticative models of exposure and duration
4 SLPper® PAR ® DUR** PWRdur, fixod adjustment ! AUCU EFF Y N 31285.11
11 SLPpar® PAR * DUR®® PWRdur AUCU EFF Y N 31283.96
12 SLPper® PAR * DUR®® PWRur, 80 adjustment AUCU EFP Y N 31290.76
13 SLPpar® PAR ® DUR** PWRdur AUCU EfF Y N 31283.96
15 SLPpar® PAR * DUR®® PWRdur AUCU EFF, PWRdor Y N 31276.61
17 SLPper® PAR * DUR AUCU EFP Y N 3135914
18 SLPpar® PAR * DUR®® PWRdwr AUCU PWRdw Y Y 31235.19
19 SLPpar * PAR®® PWRpar ® DUR ** PWRAX AUCU PWRper, PWRér | N N 3123829
20 SLPpar® PAR * DUR*® PWRdur AUCU SLPpar Y N 31283.96
o) SLPpar® PAR ® DUR"® PWRdnr AUCU SLPpar, PWRAWr Y N 31276.61
23 SLPpar * PAR®® PWRpar * DUR *® PWR<Aur AUCU SLPpar, PWRdAur N N 31263.40
2% SLPper * PAR** FWRpar ® DUR ** PWRAur AUCU SLMMPWRW. Y Y 3123562
P
122 SLPpur® PAR ® DUR®* PWRdwr , typical placebo effect® | AUCU SLPpar, PWRdur Y N 31711.30
124 SLPpw * PAR:‘ PWRpar ¢ DUR *® PWRdur, typical AUCU SLPper, PWRpar, Y Y 3134331
acobo offect
71 SLPper® PAR ® DUR*® PWRdur AUL BFF Y N 31293.69
2 SLPper® PAR * DUR®® PWR&xr AUL SLPpar, PWRdur Y N 31283.56
EE) SLPper * PAR* PWRper * DUR *¢ PWR&r AUL SLPpar, PWRper, | N N 3BT
9 SLPpar® PAR ® DUR*® PWRAur AUSS EFF, PWRdur Y N 31359.69
37 PAR * DUR® PWRAr AUSS SLPpar, PWRdur Y N 31283.52
33 SLPpar * PAR®® PWRpar * DUR ** PWRdmr AUSS SLPper, PWRpar, |N N 3143503

VAN 241 J0 68 *d $g°] sum[oA woy paonpoidas i Mmo[aq ay L.
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39 SLPpar ® PAR®® PWRper ® DUR *° PWRdur AUSS SLPpar, PWRAur N N 3149837
PKPD Model form™ Perameter | Random effects’ | Conv' | Bound® | OF
run® _ _(PARY!_
10 SLPpar® PAR ® DUR** PWRdur GRP EFF, PWRA Y N 3135833
51 SLPper® PAR * DUR®® FWRdur GRP SLPpar, PWRdur Y N 31268.26
2 SLPper * PAR*® PWRper * DUR ** PWRGr GRP SLPpar, PWRpew, |N N 3125234
PWRdnr
53 SLPper * PAR** PWRpar * DUR *% PWRdor GRP SLPper, PWRAwr N N 31253.83
Models with exposure only

16 SLPpar® PAR AUCU EFF Y N 3134038
235 HILL(PAR) AUCU G‘mw. ECSOpar, | N N 31223.20
26 HILL(PAR) AUCY Emaxpar, Gamma N N 3122743
27 HILL{PAR) AUCU Emaxpar, ECS0par | N N 31224.54
28 HILL(PAR) AUCU ECS0par, Gzmma | N N 31217.49
29 HILL(PAR) AUCU EC50per N N 3121843
HILLPAR) __ AUCU Gamma N N 3122436
E]] mugm AUCU Emaxper Y N 31217.93
32 AUCU Y N_, 312175
36 BMAX(PAR) AUCU EC3Opar N N 31223.15
128 HILL(PAR), fypical piaccbo efiect” AUCU EC50per, Gamma___|N_ N 32844.04

129 HILL(PAR), typical placobo effect” AUCU ECS0per NR N

130 HILL{PAR), typical placobo effect” AUCU Gamma NR N
131 HILL{PAR), typical piacebo effect® AUCU Emaxpar Y Y 31272.98
132 HILL{PAR), typical piacebo effcct®_ AUCU - Y N 32186.60
36 EMAX(PAR), typical placebo effect” _ AUCU BCS0par N N 3218466
kZ HILL(PAR) AUL Y Y 3122529
75 HILL(PAR) AUL Emaxpar N Y 13122529
76 EMAX(PAR) AUL ECSOpar N N 3126523
33 BILL{PAR) AUSS _° Y Y 3124008
T HILL(PAR) AUSS Bmmper, ECS0per, | N N 3123338

980 23eq g [0A 9 WAl
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PKPD Model form™ Parameter | Random effects® | Conv' | Bound® OF*
nm* (PAR)®

35 EMAX(PAR) AUSS Emaxper, ECS0per | Y N 31230.93
40 EMAX(PAR) AUSS EC50psr N N 31240.61
41 EMAX(PAR) AUSS Emaxper Y N 31230.93
42 HILL(PAR) AUSS Emaxpar Y Y 31233.34
44 HILL(PAR) AUSS EC30par Y Y 31233.34
45 HILL{PAR) AUSS BCS0per, Gamma N N 31302.36
46 HILL(PAR) ' o AUSS Emaxpar, Gamma Y Y 31233.34
133 HILL(PAR), typical piacebo effect" AUSS Y Y 32220.69
134 HILL(PAR), typical piaccbo effoct™ AUSS Emaxper, ECSOpar, . | NR N

48 HILL{PAR) GRP Y N 31230.93
49 HILL(PAR) GRP Emaxper, EC0par, | N N 31214.81

Gamm

50 EMAX(PAR) GRP Emmxpar, ECS0par | N N 31236.06
54 EMAX(PAR) GRP EC50par N N 31260.63
33 EMAX(PAR) GRP Emaxpar Y Y 31234.78
56 HILI(PAR) GRP Emaxpar Y Y 31214.80
57 HILL(PAR) GRP Gamma Y N 31246.66
8 HILL{PAR GRP ECSOpar N N 31266.69
59 HILL(P. QRP EC30per, Gamma NR N

60 HILL(PAR) GRP Emaxpar, Gamma Y Y 31214.81
61 HILL(PAR) GRP Emmxpar, ECS0par | N N - 3121481

Models with durstion only

[3) SLPdur * DUR *® PWRAWw SLPdw,PWRdw | Y N 31230.93
63 SLPdur * DUR ** PWRdur PWRAr Y N 31230.93
12 | SLPdu * DUR *® PWRdur, typlcal placebo effoct” SLPdur, PWRawr | N N 3345933
s. Thodxiafllo pkpdl_act mod2.csv was used in all the rwes,

'VC[N oy jo 18 d $8°'1 aum[oA woiy paosnpoidal st mojoq oy ]
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EFF denotes the drug effect (on top of placedo effect), PAR denotes an expostre moasure (AUCU, AUL, AUSS, or GRP) spectfied in the next column,
DUR denotes the durstion of dosing (in days), Emax(PAR) and HIll(PAR) donots Emax end Hill models for the respective exposure messures; SLPpar,
PWRpar, SLPdwr, PWRdur, SLP,, PWRdary, PWRdAy,z, Epuper, ECxper, and Gamms denote the estimated parameters.

‘Where not notoed othorwise, AUCU and AUL sve adjusted for Study 31-93-202, end the peremeters for adjustinent are estimated.

The sxposure messure used in the model.

Batimated parameters that have an sdditive random component,

Convergencs;

Estimates on the boundsry

FOCE, minimum objective fimction vatue

Adjustment parsmeter Is fixed to 1, Lo. lincar sssumptions sre usod for sdjustment of AUCU sod AUL in Stady 31-93-202
No adjustment of AUCU snd AUL in 8tody 3193-202

Placebo inter-individnat randoms effiect is set fo 2er0

APPEARS THIS WAY
ON ORIGINAL
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8T-29 Summary of NONMEM runs for base PK/PD model with placebo patients in the data file.

PKPD Model form™ Paramoter | Random effects’ [ Conv' | Bound® | OF |

nm® ; (PAR)
300 From PK model canmm indjvidua] exposures, output them (o mergs

with PD information.

Additive models of exposure and durstion
302 SLPpar® PAR + SLPdur * DUR AUSS SLPper, SLPdur Y N 20703.11
306 SLPpar * PAR + SLPdur ®* DUR ** PWRdur AUSS SLPper, SLPdur N N 20685.43
307 SLPpar * PAR®**PWRpar + SLPdur * DUR AUSS SLPpar, SLPdur Y N 20702.08
311 SLPpar ® PAR®*PWRpar + SLPdur * DUR®® PWRAw AUSS SLPper, SLPdur | Y N 20683.63
32 Equ(PAR) + SLPdwr ® DUR ** PWRdar AUSS Emaxpar SLPdwr | Y N 20683.74
I3 SLPpar ® PAR®*PWRpar + SLPdur ® DUR*® PWRAur AUSS SLPpar Y N 20716.19
Muitiplicetive models of exposure and daration
303 SLPper® PAR * DUR AUSS SLPper Y N 20766.02
304 SLPpar * PAR * DUR ** PWRdx AUSS SLPpar, PWRdur Y N 20730.2)
303 Emax(PAR) * DUR ** PWRthr AUSS Emaxpar, PWRAw | Y Y 20679.02
314 (SLPO+ SLPper ®* PAR) * DUR ** PWRdur AUSS SLPO PWRAur Y N 20696.82
315 (SLPO+ SLPpar ®* PAR) * DUR ** PWRdur GRP SLPO, PWRdwr Y N 2067831
316 (SLPO+ SLPpar ¢ PAR) ¢ DUR ** PWRdor AUL SLP0, PWRd4uwr Y N 20696.16
317 (SLPO+ SLPpar ® PAR) * DUR ** PWRdur AUCU SLPO, PWRdwr __ | Y Y 20676.24
318 Same a3 317 with lcss coustrain on fraction of AUCcum for 31-93-202 | AUCU SLPO,.PWRdwr | Y Y 20675.81
319 (SLPO+ SLPpar ® PAR) * DUR ** PWRdar AUSS SLPO Y N 20699.20
320 SLPper * PAR * DUR ** PWRdur AUSS SLPpar Y N 20738.89
n SLPpar * PAR ® DUR ** PWRdur GRP SLPper Y N 20733.94
E7%) SLPpar * PAR ® DUR ** PWRdw GRP SLPper, PWRaw | Y N 2071640
324 SLPpar ® PAR * DUR ** PWRdw AUCU SLPper, PWRdw | N N 24190.58
k37) SLPper ¥ PAR®® PWRper * DUR ** PWRdwr AUCU SLPper, PWRpsr | Y Y 20687.22
Models with doration oaly
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308 SLPdur * DUR ! | SLPdur Y N 20713.66
PKPD Model form™ Parameter | Random effects’ | Conv' | Bounds | OF
mn' (PAR)‘

309 SLPdur * DUR ** PWRaor SLPdur Y N 20716.82
310 SLPdur * DUR ** PWRaw SLPdur, PWRdwr | Y N 20678.64
393 SLPéur * DUR ** PWRdwr PWRAw Y N 20678.64
Models with exposure only

330 SLPper ® PAR®® PWRpar' AUCU SLPper, PWRpar ] Y N 20704.04
331 SLPpar ® PAR*® PWRper AUCU SLPper, PWRpar | Y N 2070227
394 SUPper * PAR®® PWRpar' AUCU PWRper Y N 20704.04

a. The data file pd_both.csv was used in ell tho rms, except PKPD Run 300.

b. PARdenotes sn exposure messure (AUCU, AUL, AUSS, or GRP) specified fa the next colrzm, DUR denoctes the dureticn of dosing (in days), Emax(PAR)
and Hil(PAR) denote Emax and Hill models for the respective exposurs measures; SLPpa, PWRper, SLPdur, PWRdur, SLPg, PWRdun, PWRdurpgs,

Buupar, ECspar, and Gemma denote the estisnated parameters.

Where not noted otherwise, AUCU and AUL are adjusted for Study 31-93-202, snd the parameters for adjustment are estimated.
‘The exposure messwre used fa the model.
Estimated paramoters that have an additive random component.

Convergenos;

Estimates on the bowndary

FOCR, mintnmen objective fimction value
A«ﬁmmhhﬂbl.mhmthwdAlmdAUthﬂM

rrenpap
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Appendix S. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 91 of the NDA.

ST-30 Summary of NONMEM nuns for covariate PK/PD model building.

".4

Pm”? Model Canv*{ OF a¢ | Comparison
DURATION MODXL
393 Base duretion model: Y 20673.64
SLPdwr * DUR *¢ PWRdur
Building foll durstion model*
326 AUSS Y 20678.03 | 0.61 393
327 GRP Y 2076538 | 86.74 | 393
(328 | AUL Y 2067801 | 063 | 393
329 AUCU N 2081387 | 135.23 | 393
333 “BPD Y 20678.61 | 0.03 393
334 cAl Y 20670.60 | -8.04. | 393
336 AGE Y 20675.80 | 2.84 | 393
337 SEX Y 20678.03 | 0.61 393
338 RACE~4 Y 2067629 | 235 | 393
339 BMI . Y 2067863 | 0 393
340 DIAG Y 20678.36 .28 393
341 GRE Y 20675.40 | 3.24 393
342 W1B Y 2067838 | 025 | 393
358 CSAL Y 20678.57 | 0.07 | 393
359 ALCO Y 20673.90 | 4.73 393
360 SMOK. Y 20673.82 | 482 | 393
682 LBW Y 2067823 | 0.4) 393
366 GRB Y 20671.99 0.65 393
367 GRG@ Y 2067863 | 0 393
363 CB) Y 2067528 | -3.35 393
369 CG Y 2067824 | 039|393
370 caz Y 20678.52 | 0.12__ | 393
376 Pull duration modal. Y 2066564 |-13 393
Covariates: CF1, SMOK, ALCO
Duration modal reduction®
377 SMOK,ALCO Y 20672.77__] 1.14 376
378 CF1 SMOK Y 20666.40 | 0.76 376
379 CFLALCO Y 2066659 | 0.96 376
- AUCU MODEL
354 Bass AUCU moded: Y 20704.04
SLPper *AUCU* *PWRpar
Building full AUCU mode™®
343 BFD Y 20703.97 ] -0.06 | 394
344 CF1 Y 20695.04 1399 3%
345 AGE Y 2070123 | 281 394
346 SEX Y 20703.79 | 023 354
347 WTB_ Y 20703.66 | 0.38 | 304
348 RACE~4 Y 200182 | -222 | 394
349 BMI Y 20704.03 | -0.01 394

—
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 92 of the NDA.

,‘.,

FKPD Moded Conv® | OF At | Comperizon
un an
350 DIAG Y 20704.02 | 0.02° [ 394
352 GRE Y 2070026 | -3.78 | 394
353 LBW Y 2070320 | -0.834 | 394
354 AUSS Y 2069174 | -1229 | 394
358 SMOK Y 2069745 | -6.59 | 394
356 ALCO Y 20698.80 | -5.24 | 394
357 CSAL Y 2070393 | 0.1 394
371 ca2 Y 20704.02 | 0.0 394
n CGl Y 2070325 (0719 | 394
373 CBl Y 2070141 | -2.63 | 394
374 GRB Y 20703.83 | 021 394
375 GRG Y 2070402 | 002 | 394
384 AUSS in SLPpar Y 2069626 | -1.78 | 394
386 Full AUCU model, Covariates: Y 2067428 | -29.76 | 394
AUSS,CF1. SMOK,ALCO
AUCU model reduction?
AUSS,CF1,SMOK. Y 20674.54 | 026 386
AUSS,CF1,ALCO Y 20676.30 | 2.02 386
CF1,SMOK,ALCO Y 20687.68 | 134 386
AUSS SMOX ALCO Y 20696.73 | 244 | 386
AUSS,CF1 Y 20679.58 | 5.04 387
CF1,SMOK Y 20688.31 | 13.77 | 387
AUSS.SMOK Y 2068598 | 11.44 | 387

The data file pd_both.cav was uaed ta all the runs;

Convergence;

Objective function value, FOCE method with interaction;

Change in the objective function campared to Comparison Run;

Model with one additional covariste a3 compared with the bass {comparison) model.

Covarfate listed denotes a covariate for which s relstionship with power of ths duration term is
estimnted,

Modsl with ons less covariate as compared with the comparison model. Covariates Hsted are the
covariates {n the modal

Covarinto listed denotes a covariate for which a relationship with power of the AUCU texm is
estimated. .

Covariatz listed denotes a covariate for which a relationship with the slope of the AUCU term is
estimated, )

£ mERPFRRSISGSS
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reproduced from Volume 1.84 p. 93 of the NDA.

ST-31 Summary of additional NONMEM runs for relstionships with dose in PK/PD
models,

Pf:? Model Conv® OF®
‘ : DURATION MODEL -
33§ GRP<1S, 15<GRP<30, GRP=30 Y 20678.17
364 GRP=2,10,15,20,30 Y 20673.57
368 GRP<15, GRP>1S Y 20678.32
383 GRP=2.10,15.20.30 in SLPdwr Y 20676.62
392 AUSS<9, 9<AUSS<13, AUSSSTS Y 20673.66
AUCU MODEL
351 GRP<1$, 15<GRP<30, GRP=30 Y 20698.52
380 GRP=2,10,15.20,30 N 2068927
382 GRP= 2,10,15,20,30 in SLPpar Y 20636.67

a  The data file pd_both.csv was used in all the runs

b. Convergence
& Objective fimetion value, FOCE method with interaction

ST-32 Parameter estimates of the final Duration PK/PD model (PKPD run 334)

.lq

Model form
SCORE=BPD +EFFnac +Iarp* EFF , Liar = 0 for placebo, =1 for aripiprazole patients
EFPF= SLPdur *DUR**( PWRdw0+ PWRdurcn *Icr; + 1),
Icpr=1, if concomitant lorazepam:; =0 otherwise
Parameter | Estimate | %RSE* | %CV or SD
SLPdur -1.65 Not estimated
PWRduw0 0.494 Not estimated
PWRdurcp 0.0778
Inter-individual variability
o ] 0.0558 | Not estimated | SD= 0.236 additive
O 380 Not estimated SD= 6.16
op 0.00227 Not estimated CV =4.76%

8. Covariance step aborted, and standard erors could ot be estimated.
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is rcprodﬁced from Volume 1.84 p. 94 of the NDA.

ST-33 Parameter estimates of the final AUCU PK/PD mode! (PKPD run 385)

Model form

SCORE=BPD +EFF0 +1axp® EFF , Iaxp = 0 for placebo, =1 for aripiprazole patients
EFF= SLPpar *AUCU**FWRpxr,
PWRpar= PWRpar0+ PWRAss(AUSS-12)12+ PWR cry *Iczs +1,

1, if concomitant : =0 otherwiss
| Estimate [ %RSE i%CVorSD

Parameter

SLPpar -1.59 25.5%

PWRpar0 0.242 26.4%

PWRasy 0231 36.5%

PWRdurcm 0.0635 27.9%

Inter-individual variability
o 10.0249 [23.0% [ SD =0.158 additive
, Residual variability -

a 39.0 16.1% SD =6.24 additive
?f 0.00222 39.7%

Cv=4.71%

ST-34 Typical placebo effect after 30 days of placebo dosing according to the final
placebo model

| Change of total PANSS score from baseline
BPD level BPD With concomitant No concomitant
lorazepam lorazepam

Min 57 82 1.8
1 quartile 2 0.44 -6.0
Median 93 -3.0 9.4
3" quartile 107 73 -13.7
Max 146 -19.4 -25.8

22
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Appendix 5. Applicant’s PANSS Model Selection Process, continued

The below is reprodiiced from Volume 1.84 p. 95 of the NDA.

ST-35 Typical drug effect (on top of placebo effect) after 30 days of dosing according to

the final Duration and AUCU models
Drug effect (on top of
placebo)
F m avce A% v No
concomitant | concomitant
lerazepam lorazepam

334 (Duration) NA | NA -11.5 89
38S(AUCU) | Min 8.47 | 0319 49 43
385 (AUCU) | 1% quartile | 86.7 | 3.65 -12.7 9.6
385 (AUCU) | Median 138 | 5.82 -12.9 9.4
385 (AUCU) | 3%quartile | 198 [ 8.34 -11.6 $3
385 (AUCU) Max 4750 | 219 3.2 2.2

& AUCU values reached by 26-30 days of dosing

ST-36 Total change® from baseline of Total PANSS score in typical patients on

aripiprazole afier 30 days of dosing
Change from baseline®
BPD level’ BPD With concomitant No concomitant
lorazepam lorazepam
Min 57 3.3 7.1
1% quartile 82 -11.1 -14.8
Median 93 -14.5 182
3" quartile 107 -18.8 2.6
Max 146 -30.9 -34.7

a Includes placebo and drug effect;

b. The first and second columns carrespond to distribution of BPD in placebo paticaty. In petients on
aripiprazole the distribution may alightly differ.

¢ Acocording to Durstion modal, PKPD nm 334.

APPEARS THIS WAY
ON ORIGINAL
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